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Abstract
Major depressive disorder is one of the leading causes of disability in the world
since depression is highly frequent and causes a strong burden. In order to
reduce the duration of depressive episodes, clinicians would need to choose
the most effective therapy for each individual right away. A prerequisite for this
would be to have biomarkers at hand that would predict which individual would
benefit from which kind of therapy (for example, pharmacotherapy or
psychotherapy) or even from which kind of antidepressant class. In the past,
neuroimaging, electroencephalogram, genetic, proteomic, and inflammation
markers have been under investigation for their utility to predict targeted
therapies. The present overview demonstrates recent advances in all of these
different methodological areas and concludes that these approaches are
promising but also that the aim to have such a marker available has not yet
been reached. For example, the integration of markers from different systems
needs to be achieved. With ongoing advances in the accuracy of sensing
techniques and improvement of modelling approaches, this challenge might be
achievable.
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Introduction
Major depressive disorder (MDD) is a frequent and disabling disor-
der with prevalence rates of about 16%1. Although successful psy-
chotherapy and pharmacotherapy are available, it usually takes at 
least 2 to 3 weeks until symptoms improve. The first antidepressant 
may be beneficial in only 50 to 60% of cases. In the Sequenced 
Treatment Alternatives to Relieve Depression (STAR*D) study, 
more than 40% of patients with MDD did not achieve remis-
sion even after two optimally delivered trials of antidepressant  
medications2. Thus, biomarkers would be warranted that predict 
response to a specific class of antidepressants or a therapy method 
(psychotherapy, pharmacotherapy) and could help stratifying 
patients for tailored therapies and, in turn, would shorten the time 
of being depressed. Possible neuroimaging, electrophysiological, 
genetic, and proteomic markers will be reported, and the main focus 
will be on recent developments. Other forms of therapies, includ-
ing transcranial magnetic stimulation, electroconvulsive therapy 
(ECT), deep brain stimulation, or therapy with ketamine, also exist 
but will not be reviewed here.

Functional neuroimaging
Interestingly, brain activation and particularly neural correlates of 
emotional processing could have predictive value for determin-
ing patients who will respond to treatment against depression. A 
detailed overview on this topic can be seen in Frodl3. In studies with 
positron emission tomography (PET), it was found that the subgen-
ual anterior cingulate cortex (sgACC) may serve as a biomarker for 
treatment response. Metabolism in the sgACC predicted response 
to antidepressant therapy4,5. Later research demonstrated that this 
seems not to be restricted to the sgACC. Decreased metabolism in 
the insular cortex also predicted response to treatment in patients 
with MDD6. Response to cognitive behavioral therapy (CBT) has 
been found to be associated with metabolic increases in the hippoc-
ampus and posterior cingulate cortex (pCC) and decreases in dorsal, 
ventral, and medial frontal cortices7. Response to selective serotonin  
reuptake inhibitors (SSRIs) was related to decreases in glucose 
metabolism in ventral regions of the prefrontal cortex (PFC)8,9 and 
increases in the temporal cortex10,11. Before initiating treatment, 
responders to pharmacological treatment showed greater activa-
tion in the dorsomedial PFC (dmPFC), pCC, and superior frontal 
gyrus when viewing negative emotional pictures as compared with 
being in resting condition. Moreover, response to therapy was pre-
dicted by activations in the caudate nucleus and insula contrasted 
for emotional compared with neutral stimuli12. In a meta-analysis, 
responders and non-responders to paroxetine and a combination of 
antidepressants differed in activation of the hippocampus-orbitof-
rontal cortex (OFC)-anterior cingulate cortex (ACC)-lateral PFC 
network13. Recently, network analyses were more used in clinical 
functional magnetic resonance imaging (fMRI) research since func-
tional connectivity and alterations in network characteristics might 
offer signals closer to biological brain functions than the contrast 
of blood oxygen level-dependent (BOLD) response between differ-
ent conditions in a selected brain region. Interestingly, good OFC 
connectivity observed before treatment was shown to be associated 
with response to antidepressants14. In a trial with mirtazapine and 
venlafaxine, distinct therapy effects on BOLD response and dif-
ferential response prediction with baseline BOLD response were 
detected. Patients who received venlafaxine significantly decreased 

their BOLD responses in the hippocampus, basal ganglia, thalamus, 
and cerebellum, whereas patients who received mirtazapine sig-
nificantly increased their BOLD responses in the middle cingulate 
gyrus and supplementary motor area. Better response to venlafax-
ine was associated with larger BOLD responses in the left fusiform 
gyrus at baseline, and a better response to mirtazapine was associ-
ated with smaller BOLD responses in the right rolandic operculum 
at baseline15.

A few studies exist that investigated the use of fMRI to predict treat-
ment response to psychotherapy. Amygdala hyperactivation and 
ACC hypoactivation during fMRI predicted response to CBT16,17.

In one of the latest fMRI trials, 80 patients with MDD and 34 
healthy controls were included18. All MDD participants either were 
antidepressant medication-naïve or, if previously prescribed an 
antidepressant medication, had undergone a washout period of at 
least 1 week (five half-lives). Patients were randomly assigned to 
receive the antidepressants sertraline, citalopram, or venlafaxine. 
The first two are SSRIs, inhibiting reuptake of serotonin, and the 
last one is a serotonin-norepinephrine reuptake inhibitor (SNRI). 
In fMRI using a subliminal emotional face paradigm, responders 
were characterized by lower amygdala responses due to subliminal 
positive or threat-related emotional face stimuli. During subliminal 
assessment of sad faces, a differential effect was seen with regard 
to the medication group used. Here, pre-treatment amygdala acti-
vation to sad facial expressions was specifically and differentially 
predictive of which participants failed to respond to a specific anti-
depressant, the SNRI venlafaxine-XR. The overall accuracy to clas-
sify responders and non-responders correctly was 75%. Thus, using 
fMRI could lead to a better prognostic value than current practice 
based on clinical impressions18.

Therefore, patients responding to antidepressant therapy seem to 
differ from patients not responding to antidepressants with regard 
to their fMRI BOLD responses. Depending on the task used and 
region investigated, response could be predicted by either hyper- 
or hypo-activation. Thus, responders might be likely to be identi-
fied by fMRI. However, this link and the underlying neurochemical 
changes of functional brain changes require further exploration. 
Taken together, these findings are promising and emphasize that 
functional neuroimaging could be developed further to predict 
treatment response.

It has to be mentioned that other magnetic resonance imaging (MRI) 
techniques might also have potential to predict therapy response. 
For example, smaller hippocampal volumes in patients with  
depression predicted a worse illness course compared with patients 
with larger hippocampal volumes19. A recent study confirmed 
that hippocampal volumes and also sgACC volumes can predict  
treatment response to ECT in patients with major depression20.

Electrophysiology
Event-related potentials (ERPs) and electroencephalogram (EEG) 
recordings have been studied for their ability to predict treatment 
response, and some measures have been demonstrated to be prom-
ising. The ERP is a waveform in brain activity that is related to an 
event (for instance, an auditory or visual stimulus). Most research 
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has been focused on the ERPs P300 (P3) and N100 (N1); for a 
review, see Arns and Olbrich21. A very recent study using a multi-
center design included 1,008 patients with MDD. Three different 
treatment options (venlafaxine, sertraline, and citalopram) were 
compared. Male responders to venlafaxine-XR showed significantly 
more negative N1 amplitudes measured before treatment initiation 
than non-responders. The effect sizes were large (for example, with 
d Fz = 0.89). Furthermore, N1 amplitudes at Fz correlated signifi-
cantly with percentage improvement of depression22.

A lot of effort has been undertaken to establish the loudness 
dependence of auditory evoked potentials (LDAEP) N1 and P2 as 
a marker for the central serotonergic system and thus as a marker 
for therapy response to SSRIs23. Recently, 51 patients with depres-
sion were investigated by using LDAEP and it was confirmed that 
patients with steep LDAEP N1/P2 responded better to antidepres-
sant therapy24. Response to SSRIs was also found to be associated 
with a higher slope of LDAEP in patients with MDD25.

In line with the predictive ability of sgACC PET activity, sgACC 
EEG theta activity was also found to be associated with therapy 
response. This is understandable since rostral anterior cingulate 
cortex (rACC) theta current density has been shown to correlate 
with rACC metabolism26. Patients showing higher pre-treatment 
theta activity responded better to antidepressants27–30.

EEG power analyses might have further abilities to guide differen-
tial treatment. For example, relatively greater right frontal alpha in 
women was associated with a better response to the SSRIs escitalo-
pram and sertraline in the iSPOT-D (International Study to Predict 
Optimized Treatment–Depression) trial. No such effect was found 
for venlafaxine-XR31.

Another EEG measure with potential for therapy response is 
arousal system activity. In the study cohort by van Dinteren et al.22,  
MDD patients with response or remission after SSRI treatment 
showed significant differences in central nervous system arousal 
slope over time as compared with non-responders or non-remit-
ters at baseline. A faster decline of central nervous system arousal  
predicted a positive outcome following SSRI treatment but this 
was not the case in the SNRI group. In patients who received 
SNRIs, a significantly larger increase of autonomic nervous system  
arousal predicted response32.

The advantage of EEG/ERP is its good availability to a much wider 
population and relatively cheap costs in comparison with neu-
roimaging and thus this technique should be used more to develop 
treatment response prediction tools. Also, it has to be noted that 
dynamic aspects of early changes during treatment initiation might 
provide better individual biomarkers than an assessment carried out 
once before starting treatment.

Combining different methods might increase the likelihood to be 
able to predict therapy response. In a previous study, patients with 
major depression (n = 20) were investigated by using both resting 
EEG and LDAEP before treatment with either citalopram or rebox-
etine. Differences between responders and non-responders were 
found in the rACC in the theta-frequency range. Higher LDAEP 

values were detected in responders versus non-responders to  
citalopram33.

Genetics and gene expression
Since the serotonin transporter is one of the most important targets 
for antidepressants (at least for SSRIs), it was a primary step to 
study whether genetic polymorphisms in the serotonin transporter 
gene have any predictive power for response to SSRIs. Interest-
ingly, it could be demonstrated that the polymorphism in the pro-
motor region of the serotonin transporter gene (5/HTTLPR) was 
associated with response to fluvoxamine34 and paroxetine35.

For over a decade, studies investigated the predictive value of single 
polymorphisms for antidepressant response and a breakthrough was 
not happening. Thus, a next step was to look at interactive effects 
of such single-nucleotide polymorphisms (SNPs). In a recent study 
using a detection sample of 239 cases with MDD completing a 
trial with SSRIs, a predictive model comprised of haplotypes and 
polymorphisms related to serotonin synthesis, serotonin transport,  
glutamate receptors, and GABA synthesis was created36. This 
model was tested in a confirmation sample of 176 SSRI-treated 
patients and in a cross-over sample of non-SSRI-treated patients.  
Predictive values were 85% for responders and 86% for non-
responders, compared with prior probabilities of 66% for observed 
response and 34% for observed non-response in those cases. So 
SSRI response was associated with polymorphisms in serotonin, 
glutamate, and GABA-related genes36.

Moreover, in an analysis of 225 patients from a study of the  
European Group for the Study of Resistant Depression, 12 SNPs 
and clinical variables were integrated. A model using 3 SNPs and 
a clinical variable was seen to be most successful in predicting 
therapy response. In this study, patients received different agents 
since the inclusion definition was that they should have had at least 
one antidepressant treatment with sufficient duration and dose and 
thus no specific trial had been carried out. The study demonstrates 
that combining different genetic variables and clinical data and ana-
lyzing them with novel statistical tools for interaction analysis can 
increase the predictive power for therapy response37.

Lopez et al. showed that baseline expression of microRNA 
(miRNA) miR-1202 was lower in patients with depression who  
subsequently responded to an 8-week regimen of the SSRI  
citalopram38. This study opened a promising route for research 
to treatment response using miRNA and other RNA expression  
measures.

Peripheral gene expression might be a useful tool to predict therapy 
response and non-response. From an open-label uncontrolled 12-
week trial with escitalopram, 87 patients with MDD were included 
in the gene expression analysis since they finished the whole study 
period and had good-quality RNA samples at the baseline, 4-week, 
and 12-week time points. Some interesting transcripts were found 
to be significantly upregulated in responders after 4 weeks and after 
12 weeks39.

In a discovery sample of 34 patients with MDD treated with  
citalopram, two replication cohorts with similar sample and study 
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characteristics were used. Via co-expression analysis, it was found 
that miR-135 and miR-16, two miRNAs potentially associated with 
stress resiliency and antidepressant response40, were associated 
with clinical improvement41.

In a further study investigating miRNAs, it was found that two 
miRNAs (let7b and let7c) were lower in patients with depression42. 
In particular, those miRNAs are regulators of the PiR3-AKT path-
way upstream from mechanistic target of rapamycin (mTOR) that 
previously was found to be associated with response to ketamine 
treatment. Since these miRNAs were particularly low in ECT non-
responders, they might serve as biomarkers for treatment resistance 
to ECT. However, this needs to be confirmed in larger samples42.

Limitations of the genetic work are that findings have rarely been 
replicated. Some studies have large sample sizes but have shown 
only weak predictors of response and it is hard to replicate these 
findings since, first, it is time-consuming to obtain such large sam-
ples and, second, it is difficult to confirm the same SNPs or RNA 
expression signatures again in a new study, when they did show 
only weak signals in the previous study. Some of the studies show-
ing either genomic or gene expression predictors are much smaller 
or have not been replicated or both.

Other blood measures
Easy availability to the population could be made through measures 
available in chemical labs. According to Thase43, “Although it is 
now widely recognized that depression is a pro-inflammatory state 
and a number of contemporary studies have examined immune sta-
tus in relation to antidepressant response, no consistent pattern of 
immune dysfunction as a biomarker of antidepressant response has 
been observed to date”. Uher et al. investigated whether C-reactive  
protein (CRP) did have any predictive power for antidepressant 
response to citalopram or nortriptyline44. Patients with low pre-
treatment CRP levels were significantly more responsive to esci-
talopram, whereas those with high CRP levels were significantly 
more responsive to nortriptyline44. In a sample of 76 depressed 
patients, it was detected that baseline brain-derived neurotrophic 
factor (BDNF) levels significantly predicted clinical improvement 
in a naturalistic clinical trial45. In another study, it was detected that 

early changes in BDNF levels predicted therapy response. Accord-
ing to receiver operating characteristic (ROC) analysis, the best  
cutoff value for the prediction of response was found to be an 
increase of 338 pg/mL or 126%, respectively, of plasma BDNF 
between baseline and day 746.

Conclusions
Improved MRI techniques and fMRI tasks that make possible the 
study of altered brain function in depression will likely be able to 
provide useful information on therapy effects and, in the future, may 
be able to predict therapy response. Also promising are EEG and 
ERP techniques since they are easy to access. Blood markers such 
as miRNAs and the integration of different genetic polymorphisms 
would be the most practicable biomarkers and seem promising too. 
However, more longitudinal research during trials and during the 
disease course is needed to achieve these aims.

Abbreviations
ACC, anterior cingulate cortex; BDNF, brain-derived neurotrophic 
factor; BOLD, blood oxygen level-dependent; CBT, cognitive 
behavioral therapy; CRP, C-reactive protein; ECT, electrocon-
vulsive therapy; EEG, electroencephalogram; ERP, event-related 
potential; fMRI, functional magnetic resonance imaging; LDAEP, 
loudness dependence of auditory evoked potentials; MDD, major 
depressive disorder; miRNA, microRNA; MRI, magnetic reso-
nance imaging; OFC, orbitofrontal cortex; pCC, posterior cingu-
late cortex; PET, positron emission tomography; PFC, prefrontal 
cortex; rACC, rostral anterior cingulate cortex; sgACC, subgenual 
anterior cingulate cortex; SNP, single-nucleotide polymorphism; 
SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective 
serotonin reuptake inhibitor.

Competing interests
The author declares that he has no competing interests.

Grant information
The author(s) declared that no grants were involved in supporting 
this work.

References F1000 recommended

1.	 Kessler RC, Berglund P, Demler O, et al.: Lifetime prevalence and age-of-
onset distributions of DSM-IV disorders in the National Comorbidity Survey 
Replication. Arch Gen Psychiatry. 2005; 62(6): 593–602.  
PubMed Abstract | Publisher Full Text 

2.	 Nierenberg AA, Fava M, Trivedi MH, et al.: A comparison of lithium and T3 
augmentation following two failed medication treatments for depression: a 
STAR*D report. Am J Psychiatry. 2006; 163(9): 1519–30; quiz 1665.  
PubMed Abstract | Publisher Full Text 

3.	 Frodl T: MR Neuroimaging of Depression. In: MRI in Psychiatry [Internet]. 
Heidelberg New York Dordrecht London: Springer; 2014; 275–287.  
Publisher Full Text 

4.	 Mayberg HS, Brannan SK, Mahurin RK, et al.: Cingulate function in depression: a 
potential predictor of treatment response. Neuroreport. 1997; 8(4): 1057–61.  
PubMed Abstract 

5.	 Wu J, Buchsbaum MS, Gillin JC, et al.: Prediction of antidepressant effects of 
sleep deprivation by metabolic rates in the ventral anterior cingulate and 
medial prefrontal cortex. Am J Psychiatry. 1999; 156(8): 1149–58.  
PubMed Abstract 

6.	 Mayberg HS, Liotti M, Brannan SK, et al.: Reciprocal limbic-cortical function and 
negative mood: converging PET findings in depression and normal sadness. 
Am J Psychiatry. 1999; 156(5): 675–82.  
PubMed Abstract 

7.	 Goldapple K, Segal Z, Garson C, et al.: Modulation of cortical-limbic pathways 
in major depression: treatment-specific effects of cognitive behavior therapy. 
Arch Gen Psychiatry. 2004; 61(1): 34–41.  
PubMed Abstract | Publisher Full Text 

8.	 Brody AL, Saxena S, Silverman DH, et al.: Brain metabolic changes in major 
depressive disorder from pre- to post-treatment with paroxetine.  

Page 4 of 6

F1000Research 2017, 6(F1000 Faculty Rev):619 Last updated: 03 MAY 2017

http://www.ncbi.nlm.nih.gov/pubmed/15939837
http://dx.doi.org/10.1001/archpsyc.62.6.593
http://www.ncbi.nlm.nih.gov/pubmed/16946176
http://dx.doi.org/10.1176/ajp.2006.163.9.1519
http://dx.doi.org/10.1007/978-3-642-54542-9_14
http://www.ncbi.nlm.nih.gov/pubmed/9141092
http://www.ncbi.nlm.nih.gov/pubmed/10450253
http://www.ncbi.nlm.nih.gov/pubmed/10327898
http://www.ncbi.nlm.nih.gov/pubmed/14706942
http://dx.doi.org/10.1001/archpsyc.61.1.34


Psychiatry Res. 1999; 91(3): 127–39.  
PubMed Abstract | Publisher Full Text 

9.	 Kennedy SH, Evans KR, Krüger S, et al.: Changes in regional brain glucose 
metabolism measured with positron emission tomography after paroxetine 
treatment of major depression. Am J Psychiatry. 2001; 158(6): 899–905.  
PubMed Abstract | Publisher Full Text 

10.	 Buchsbaum MS, Wu J, Siegel BV, et al.: Effect of sertraline on regional 
metabolic rate in patients with affective disorder. Biol Psychiatry. 1997; 41(1): 
15–22.  
PubMed Abstract | Publisher Full Text 

11.	 Brody AL, Saxena S, Stoessel P, et al.: Regional brain metabolic changes in 
patients with major depression treated with either paroxetine or interpersonal 
therapy: preliminary findings. Arch Gen Psychiatry. 2001; 58(7): 631–40.  
PubMed Abstract | Publisher Full Text 

12.	 Samson AC, Meisenzahl E, Scheuerecker J, et al.: Brain activation predicts 
treatment improvement in patients with major depressive disorder.  
J Psychiatr Res. 2011; 45(9): 1214–22.  
PubMed Abstract | Publisher Full Text 

13.	 Seminowicz DA, Mayberg HS, McIntosh AR, et al.: Limbic-frontal circuitry in 
major depression: a path modeling metanalysis. Neuroimage. 2004; 22(1): 
409–18.  
PubMed Abstract | Publisher Full Text 

14.	 Lisiecka D, Meisenzahl E, Scheuerecker J, et al.: Neural correlates of treatment 
outcome in major depression. Int J Neuropsychopharmacol. 2011; 14(4): 521–34.  
PubMed Abstract | Publisher Full Text 

15.	 Frodl T, Scheuerecker J, Schoepf V, et al.: Different effects of mirtazapine and 
venlafaxine on brain activation: an open randomized controlled fMRI study.  
J Clin Psychiatry. 2011; 72(4): 448–57.  
PubMed Abstract | Publisher Full Text 

16.	 Fu CH, Williams SC, Cleare AJ, et al.: Neural responses to sad facial 
expressions in major depression following cognitive behavioral therapy.  
Biol Psychiatry. 2008; 64(6): 505–12.  
PubMed Abstract | Publisher Full Text 

17.	 Siegle GJ, Carter CS, Thase ME: Use of FMRI to predict recovery from unipolar 
depression with cognitive behavior therapy. Am J Psychiatry. 2006; 163(1): 
735–8.  
PubMed Abstract | Publisher Full Text 

18.	  Williams LM, Korgaonkar MS, Song YC, et al.: Amygdala Reactivity to 
Emotional Faces in the Prediction of General and Medication-Specific 
Responses to Antidepressant Treatment in the Randomized iSPOT-D Trial. 
Neuropsychopharmacology. 2015; 40(10): 2398–408.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

19.	 Frodl T, Meisenzahl EM, Zetzsche T, et al.: Hippocampal and amygdala changes 
in patients with major depressive disorder and healthy controls during a 1-
year follow-up. J Clin Psychiatry. 2004; 65(4): 492–9.  
PubMed Abstract | Publisher Full Text 

20.	  Redlich R, Opel N, Grotegerd D, et al.: Prediction of Individual Response 
to Electroconvulsive Therapy via Machine Learning on Structural Magnetic 
Resonance Imaging Data. JAMA Psychiatry. 2016; 73(6): 557–64.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

21.	  Arns M, Olbrich S: Personalized Medicine in ADHD and Depression: Use of 
Pharmaco-EEG. Curr Top Behav Neurosci. 2014; 21: 345–70.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

22.	  van Dinteren R, Arns M, Kenemans L, et al.: Utility of event-related potentials 
in predicting antidepressant treatment response: An iSPOT-D report.  
Eur Neuropsychopharmacol. 2015; 25(11): 1981–90.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

23.	 Gallinat J, Bottlender R, Juckel G, et al.: The loudness dependency of the 
auditory evoked N1/P2-component as a predictor of the acute SSRI response 
in depression. Psychopharmacology (Berl). 2000; 148(4): 404–11.  
PubMed Abstract | Publisher Full Text 

24.	 Jaworska N, Blondeau C, Tessier P, et al.: Response prediction to 
antidepressants using scalp and source-localized loudness dependence of 
auditory evoked potential (LDAEP) slopes. Prog Neuropsychopharmacol Biol 
Psychiatry. 2013; 44: 100–7.  
PubMed Abstract | Publisher Full Text | Free Full Text 

25.	  Lee BH, Park YM, Lee SH, et al.: Prediction of long-term treatment 
response to selective serotonin reuptake inhibitors (SSRIs) using scalp and 
source loudness dependence of auditory evoked potentials (LDAEP) analysis 
in patients with major depressive disorder. Int J Mol Sci. 2015; 16(3): 6251–65.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

26.	 Oakes TR, Pizzagalli DA, Hendrick AM, et al.: Functional coupling of 
simultaneous electrical and metabolic activity in the human brain. Hum Brain 
Mapp. 2004; 21(4): 257–70.  
PubMed Abstract | Publisher Full Text 

27.	 Pizzagalli D, Pascual-Marqui RD, Nitschke JB, et al.: Anterior cingulate activity 
as a predictor of degree of treatment response in major depression: evidence 
from brain electrical tomography analysis. Am J Psychiatry. 2001;  

158(3): 405–15.  
PubMed Abstract | Publisher Full Text 

28.	 Mulert C, Juckel G, Brunnmeier M, et al.: Rostral anterior cingulate cortex 
activity in the theta band predicts response to antidepressive medication.  
Clin EEG Neurosci. 2007; 38(2): 78–81.  
PubMed Abstract | Publisher Full Text 

29.	 Korb AS, Hunter AM, Cook IA, et al.: Rostral anterior cingulate cortex activity 
and early symptom improvement during treatment for major depressive 
disorder. Psychiatry Res. 2011; 192(3): 188–94.  
PubMed Abstract | Publisher Full Text | Free Full Text 

30.	 Hunter AM, Korb AS, Cook IA, et al.: Rostral anterior cingulate activity in major 
depressive disorder: state or trait marker of responsiveness to medication?  
J Neuropsychiatry Clin Neurosci. 2013; 25(2): 126–33.  
PubMed Abstract | Publisher Full Text 

31.	  Arns M, Bruder G, Hegerl U, et al.: EEG alpha asymmetry as a gender-
specific predictor of outcome to acute treatment with different antidepressant 
medications in the randomized iSPOT-D study. Clin Neurophysiol. 2016; 127(1): 
509–19.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

32.	  Olbrich S, Trankner A, Surova G, et al.: CNS- and ANS-arousal predict 
response to antidepressant medication: Findings from the randomized iSPOT-
D study. J Psychiatr Res. 2016; 73: 108–15.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

33.	 Mulert C, Juckel G, Brunnmeier M, et al.: Prediction of treatment response in 
major depression: integration of concepts. J Affect Disord. 2007; 98(3): 215–25.  
PubMed Abstract | Publisher Full Text 

34.	 Smeraldi E, Zanardi R, Benedetti F, et al.: Polymorphism within the promoter of 
the serotonin transporter gene and antidepressant efficacy of fluvoxamine. 
Mol Psychiatry. 1998; 3(6): 508–11.  
PubMed Abstract | Publisher Full Text 

35.	 Pollock BG, Ferrell RE, Mulsant BH, et al.: Allelic variation in the serotonin 
transporter promoter affects onset of paroxetine treatment response in late-
life depression. Neuropsychopharmacology. 2000; 23(5): 587–90.  
PubMed Abstract | Publisher Full Text 

36.	  Lim SW, Won HH, Kim H, et al.: Genetic prediction of antidepressant drug 
response and nonresponse in Korean patients. PLoS One. 2014; 9(9): e107098.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

37.	  Kautzky A, Baldinger P, Souery D, et al.: The combined effect of genetic 
polymorphisms and clinical parameters on treatment outcome in treatment-
resistant depression. Eur Neuropsychopharmacol. 2015; 25(4): 441–53.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

38.	  Lopez JP, Lim R, Cruceanu C, et al.: miR-1202 is a primate-specific and 
brain-enriched microRNA involved in major depression and antidepressant 
treatment. Nat Med. 2014; 20(7): 764–8.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

39.	  Pettai K, Milani L, Tammiste A, et al.: Whole-genome expression analysis 
reveals genes associated with treatment response to escitalopram in major 
depression. Eur Neuropsychopharmacol. 2016; 26(9): 1475–83.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

40.	 Baudry A, Mouillet-Richard S, Launay JM, et al.: New views on antidepressant 
action. Curr Opin Neurobiol. 2011; 21(6): 858–65.  
PubMed Abstract | Publisher Full Text 

41.	  Belzeaux R, Lin CW, Ding Y, et al.: Predisposition to treatment response 
in major depressive episode: A peripheral blood gene coexpression network 
analysis. J Psychiatr Res. 2016; 81: 119–26.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

42.	  Gururajan A, Naughton ME, Scott KA, et al.: MicroRNAs as biomarkers for 
major depression: a role for let-7b and let-7c. Transl Psychiatry. 2016; 6(8):  
e862.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

43.	 Thase ME: Using biomarkers to predict treatment response in major 
depressive disorder: evidence from past and present studies. Dialogues Clin 
Neurosci. 2014; 16(4): 539–44.  
PubMed Abstract | Free Full Text 

44.	  Uher R, Tansey KE, Dew T, et al.: An inflammatory biomarker as a 
differential predictor of outcome of depression treatment with escitalopram 
and nortriptyline. Am J Psychiatry. 2014; 171(12): 1278–86.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

45.	  Nase S, Kohler S, Jennebach J, et al.: Role of Serum Brain Derived 
Neurotrophic Factor and Central N-Acetylaspartate for Clinical Response 
under Antidepressive Pharmacotherapy. Neurosignals. 2016; 24(1): 1–14.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

46.	 Dreimuller N, Schlicht KF, Wagner S, et al.: Early reactions of brain-derived 
neurotrophic factor in plasma (pBDNF) and outcome to acute antidepressant 
treatment in patients with Major Depression. Neuropharmacology. 2012; 62(1): 
264–9.  
PubMed Abstract | Publisher Full Text 

Page 5 of 6

F1000Research 2017, 6(F1000 Faculty Rev):619 Last updated: 03 MAY 2017

http://www.ncbi.nlm.nih.gov/pubmed/10641577
http://dx.doi.org/10.1016/S0925-4927(99)00034-7
http://www.ncbi.nlm.nih.gov/pubmed/11384897
http://dx.doi.org/10.1176/appi.ajp.158.6.899
http://www.ncbi.nlm.nih.gov/pubmed/8988791
http://dx.doi.org/10.1016/S0006-3223(96)00097-2
http://www.ncbi.nlm.nih.gov/pubmed/11448368
http://dx.doi.org/10.1001/archpsyc.58.7.631
http://www.ncbi.nlm.nih.gov/pubmed/21477817
http://dx.doi.org/10.1016/j.jpsychires.2011.03.009
http://www.ncbi.nlm.nih.gov/pubmed/15110034
http://dx.doi.org/10.1016/j.neuroimage.2004.01.015
http://www.ncbi.nlm.nih.gov/pubmed/21205435
http://dx.doi.org/10.1017/S1461145710001513
http://www.ncbi.nlm.nih.gov/pubmed/20868630
http://dx.doi.org/10.4088/JCP.09m05393blu
http://www.ncbi.nlm.nih.gov/pubmed/18550030
http://dx.doi.org/10.1016/j.biopsych.2008.04.033
http://www.ncbi.nlm.nih.gov/pubmed/16585452
http://dx.doi.org/10.1176/appi.ajp.163.4.735
https://f1000.com/prime/725413481
http://www.ncbi.nlm.nih.gov/pubmed/25824424
http://dx.doi.org/10.1038/npp.2015.89
http://www.ncbi.nlm.nih.gov/pmc/articles/4538354
https://f1000.com/prime/725413481
http://www.ncbi.nlm.nih.gov/pubmed/15119911
http://dx.doi.org/10.4088/JCP.v65n0407
https://f1000.com/prime/726331014
http://www.ncbi.nlm.nih.gov/pubmed/27145449
http://dx.doi.org/10.1001/jamapsychiatry.2016.0316
https://f1000.com/prime/726331014
https://f1000.com/prime/727523710
http://www.ncbi.nlm.nih.gov/pubmed/24615541
http://dx.doi.org/10.1007/7854_2014_295
https://f1000.com/prime/727523710
https://f1000.com/prime/725728252
http://www.ncbi.nlm.nih.gov/pubmed/26282359
http://dx.doi.org/10.1016/j.euroneuro.2015.07.022
https://f1000.com/prime/725728252
http://www.ncbi.nlm.nih.gov/pubmed/10928314
http://dx.doi.org/10.1007/s002130050070
http://www.ncbi.nlm.nih.gov/pubmed/23360662
http://dx.doi.org/10.1016/j.pnpbp.2013.01.012
http://www.ncbi.nlm.nih.gov/pmc/articles/3654010
https://f1000.com/prime/725399735
http://www.ncbi.nlm.nih.gov/pubmed/25794285
http://dx.doi.org/10.3390/ijms16036251
http://www.ncbi.nlm.nih.gov/pmc/articles/4394530
https://f1000.com/prime/725399735
http://www.ncbi.nlm.nih.gov/pubmed/15038007
http://dx.doi.org/10.1002/hbm.20004
http://www.ncbi.nlm.nih.gov/pubmed/11229981
http://dx.doi.org/10.1176/appi.ajp.158.3.405
http://www.ncbi.nlm.nih.gov/pubmed/17515172
http://dx.doi.org/10.1177/155005940703800209
http://www.ncbi.nlm.nih.gov/pubmed/21546222
http://dx.doi.org/10.1016/j.pscychresns.2010.12.007
http://www.ncbi.nlm.nih.gov/pmc/articles/3152489
http://www.ncbi.nlm.nih.gov/pubmed/23686030
http://dx.doi.org/10.1176/appi.neuropsych.11110330
https://f1000.com/prime/725669402
http://www.ncbi.nlm.nih.gov/pubmed/26189209
http://dx.doi.org/10.1016/j.clinph.2015.05.032
https://f1000.com/prime/725669402
https://f1000.com/prime/726045090
http://www.ncbi.nlm.nih.gov/pubmed/26714202
http://dx.doi.org/10.1016/j.jpsychires.2015.12.001
https://f1000.com/prime/726045090
http://www.ncbi.nlm.nih.gov/pubmed/16996140
http://dx.doi.org/10.1016/j.jad.2006.07.021
http://www.ncbi.nlm.nih.gov/pubmed/9857976
http://dx.doi.org/10.1038/sj.mp.4000425
http://www.ncbi.nlm.nih.gov/pubmed/11027924
http://dx.doi.org/10.1016/S0893-133X(00)00132-9
https://f1000.com/prime/718877912
http://www.ncbi.nlm.nih.gov/pubmed/25226239
http://dx.doi.org/10.1371/journal.pone.0107098
http://www.ncbi.nlm.nih.gov/pmc/articles/4166419
https://f1000.com/prime/718877912
https://f1000.com/prime/725444199
http://www.ncbi.nlm.nih.gov/pubmed/25769916
http://dx.doi.org/10.1016/j.euroneuro.2015.01.001
https://f1000.com/prime/725444199
https://f1000.com/prime/718440169
http://www.ncbi.nlm.nih.gov/pubmed/24908571
http://dx.doi.org/10.1038/nm.3582
http://www.ncbi.nlm.nih.gov/pmc/articles/4087015
https://f1000.com/prime/718440169
https://f1000.com/prime/726580817
http://www.ncbi.nlm.nih.gov/pubmed/27461515
http://dx.doi.org/10.1016/j.euroneuro.2016.06.007
https://f1000.com/prime/726580817
http://www.ncbi.nlm.nih.gov/pubmed/21530233
http://dx.doi.org/10.1016/j.conb.2011.03.005
https://f1000.com/prime/726563657
http://www.ncbi.nlm.nih.gov/pubmed/27438688
http://dx.doi.org/10.1016/j.jpsychires.2016.07.009
https://f1000.com/prime/726563657
https://f1000.com/prime/726603558
http://www.ncbi.nlm.nih.gov/pubmed/27483380
http://dx.doi.org/10.1038/tp.2016.131
http://www.ncbi.nlm.nih.gov/pmc/articles/5022079
https://f1000.com/prime/726603558
http://www.ncbi.nlm.nih.gov/pubmed/25733957
http://www.ncbi.nlm.nih.gov/pmc/articles/4336922
https://f1000.com/prime/718491041
http://www.ncbi.nlm.nih.gov/pubmed/25017001
http://dx.doi.org/10.1176/appi.ajp.2014.14010094
https://f1000.com/prime/718491041
https://f1000.com/prime/726131295
http://www.ncbi.nlm.nih.gov/pubmed/26859851
http://dx.doi.org/10.1159/000442607
https://f1000.com/prime/726131295
http://www.ncbi.nlm.nih.gov/pubmed/21803060
http://dx.doi.org/10.1016/j.neuropharm.2011.07.017


 

Open Peer Review

  Current Referee Status:

Editorial Note on the Review Process
 are commissioned from members of the prestigious   and are edited as aF1000 Faculty Reviews F1000 Faculty

service to readers. In order to make these reviews as comprehensive and accessible as possible, the referees
provide input before publication and only the final, revised version is published. The referees who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The referees who approved this article are:
Version 1

, Department of Psychiatry, University of Hamburg, Hamburg, GermanyChristoph Mulert
 No competing interests were disclosed.Competing Interests:

1

, Department of Psychiatry and Biobehavioral Sciences, David Geffen School of Medicine,Andrew Leuchter
University of California, Los Angeles, USA

 Dr. Leuchter discloses that within the past 12 months he has received researchCompeting Interests:
support from the National Institutes of Health, Neuronetics, Department of Defense, and Neurosigma. He has
served as a consultant to NeoSync, Inc. He is Chief Scientific Officer of Brain Biomarker Analytics LLC (BBA).
Dr. Leuchter owns stock options in NeoSync, Inc. and has equity interest in BBA.

1

Page 6 of 6

F1000Research 2017, 6(F1000 Faculty Rev):619 Last updated: 03 MAY 2017

http://f1000research.com/channels/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty

